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Abstract 
Watercourses that are in good environmental conditions dominate the landscape and urbanized areas. In most cases, regulated 
channels only provide flood protection, but do not add value to urbanized areas. Therefore, it is necessary to restore the regulated 
streams on the basis of objective information. The research on the impact of river regulation on the quality of an aquatic habitat 
was carried out during the years 1995-2015. The effect of structural and trophic transformation of river guilds as a result of river 
training was evaluated by the Instream Flow Incremental Methodology (IFIM) and indicated by ichthyofauna. This paper presents 
the results of the assessment of the quality of an aquatic habitat in selected stream reaches. Application of the results for designing 
the river restoration and prognosis of the qualitative changes in the channel are documented on the specific example of the Bebrava 
River. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 
River restorations in urban areas try to achieve ecologically and visually valuable results addressing the different 
forms of running and standing surface water in villages and towns. Mostly, regulated rivers with high capacity and 
stability (often at Q100) are being restored. Main purpose of the restoration is to enrich the urban areas by the aquatic 
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bodies - such as variable channels with rich vegetation, various ponds, lakes and water playgrounds (Dufour and 
Piégay [1]). 
2. Materials and methods 
The following steps were chosen to determine the effect of various parameters on the quality of the watercourse 
ecosystem in terms of application to other similar streams: (i) selection of the reference reaches in rivers; (ii) 
ichthyological survey and hydrometry; (iii) topographical measurements in reference reaches; (iv) modelling the 
quality of an aquatic habitat and (v) generalization of biotic features in the form of suitability curves. 
2.1. Selection of the reference reaches 
We have focused on smaller mountain and piedmont streams, because the stream regulation primarily affects the 
riverbed morphology. Furthermore, good water quality of selected reaches in this type of streams does not obscure 
the morphology influence on the quality of aquatic habitat. Mountain streams have more common characteristics, 
therefore the negative impacts of their regulation are common in many areas; that’s why we can expect that the results 
can be generalized. Focus at the upper reaches (rhithral) is also consistent with the theory of River Continuum Concept 
(Vannote et al. [6] or Minshall et al. [4]) - the inputs of energy and circulation of matters have a different character 
along the stream. In the years 2012 – 2015, the topographical and ichthyologic measurements in rivers Chotina, 
Bebrava and Nitrica were implemented. These reference reaches represented the natural and regulated areas in the 
channel.  
2.2. Ichthyological survey 
Ichthyological survey in selected reaches was focused on determining the biotic parameters of the stream, which 
are represented by habitat suitability curves (HSCs) of individual species. 
 
 
Fig. 1. Ichthyological survey in the Chotina River. 
Data sampling was performed by the electric device Hans-Grassl ELT-60II HI. Localities of occurrences of all 
individuals were described according to Lambert and Hanson [2]. Water depths, microhabitat characteristics and flow 
velocities were recorded in areas of capture of each fish. Ichthyological survey (Fig. 1) was implemented in July 2012 
and June 2014. 
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2.3. Topographical measurements in reference reaches 
Topographical measurements of individual reaches have been adapted to the requirements of hydraulic modelling 
(accuracy within 1 cm). Topographical and hydrometric measurements were carried out in September 2012 in a period 
of minimal flows. 
2.4. Modelling the quality of aquatic habitat 
The quality of aquatic habitat was evaluated by Instream Flow Incremental Methodology (IFIM). It is a 
multidisciplinary decision-making system that quantifies the quality of an aquatic habitat, allowing landscape 
engineers to specify the implications of the water management measures and to propose the optimal river restoration. 
The RHABSIM model is elaborated on the principles of this method. The model contains data from two areas: abiotic, 
which mainly contains hydraulic information of the flow; and biotic, which is represented by a bioindicator - in our 
case fish - in the form of habitat suitability curves. More detailed information on the IFIM methodology is given in 
Stalnaker et al. [5]. 
2.5. Habitat Suitability Curves 
Habitat Suitability Curves (HSCs) express a preference of each species for various habitats. The curves are based 
on the assumption that every fish species prefers certain combinations of abiotic environmental parameters. Example 
of suitability curve for water depth is given in Fig. 2. 
 
 
Fig. 2. Suitability curves of brown trout (salmo trutta m. fario) for the water depth evaluated at two discharges (blue at 0.03 m3.s-1 and green at 
1.41 m3.s-1) with generalized curve (red dashed). 
3. Results and Discussions 
Evaluation of the measurements, gathered by the authors on 64 representative sites of 43 mountain rivers, revealed 
strong correlations between the river depth and hydraulic characteristics (Macura et al. [3]). 
Table 1. The percentage of utilization of the total area in particular cross-sections for fish cover. 
Q [m3.s-1] 0.12 0.18 0.23 0.4 0.51 1 1.82 
Total area [m2] 38.73 43.78 45.66 49.91 54.9 66.31 69.27 
AWS in fish covers [m2/km] 12.01 15.89 18.95 25.85 31.78 45.23 51.18 
ratio of AWS/Total area  32.35 35.75 38.72 40.86 45.51 62.37 70.94 
 
Results of the survey at the reference reaches of the rivers Chotina, Bebrava and Nitrica proved significant habitat 
preferences concerning water depths. Brown trout showed to prefer pools as the most suitable microhabitat for cover. 
Such pools, which represent areas with greater water depths, are indicated by red ovals in Fig. 3. Suitability scale is 
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illustrated in the right corner of Fig. 3. These findings prove that during minimal flows fish prefer covers with 
maximum depths. Results in Fig. 4 show reduced suitability for the flow velocity during the discharge of 0.01 m3.s-1; 
habitat quality increases with increasing flow rate. 
 
 
Fig. 3. Quality of an aquatic habitat for the depth indicated by brown trout in the natural reach of the Nitrica River  
during the discharge of Q = 0.01 m3.s-1 (red ovals indicate pools). 
3.1. Evaluation of area weighted suitability 
RHABSIM evaluates the Area Weighted Suitability (AWS) according to the hydraulic characteristics of each cell 
by assigning the suitability ratio based on the character of suitability curve. Model transforms the real cell area 
according to the suitability ratio; hence the AWS represents the sum of corrected areas. 
Table 1 lists the results of the AWS for various discharges, where total water surface area is compared to the area 
of covers (Fig. 5). The results confirm that the AWS increases with increasing discharges. It is important to highlight 
that the ratio of AWS to the total water surface is not crucial. It is practically impossible to reach an optimum habitat 
quality in total area of natural rivers due to insufficient discharges. It can only be achieved by variable channel 
morphology – particularly, by alternating runs with run shadows, or deep pools with fords, respectively. Based on 
these conclusions, design of restoration of Bebrava River in Timoradza village was proposed. Fig. 6 shows the original 
status of the river in comparison to the rendering of the restored river in Fig. 7. The impact of the restoration on the 
quality of aquatic habitat expressed by the AWS is illustrated in Fig. 8.  
3.2. Evaluation and results 
Comparison of the AWS values before and after design implementation manifests significant increase in quality 
after restoration. Similarly, Figs. 6 and 7 show that the flow restoration significantly contributed to the improvement 
of the overall look of the village. 
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Fig. 4. Quality of an aquatic habitat evaluated for flow velocity indicated by the brown trout in natural reach of the Nitrica River  
at discharges (left to right): 0.01 m3.s-1, 0.23 m3.s-1, 1.82 m3.s-1. 
 
Fig. 5. Suitability of fish covers evaluated by RHABSIM (fish covers marked by red frames). 
28   Zuzana Štefunková et al. /  Procedia Engineering  161 ( 2016 )  23 – 29 
 
Fig. 6. The Bebrava River in the village of Timoradza. Photo: Ivan Stankoci. 
 
Fig. 7. Design and rendering of stream restoration. Rendering: Ivan Stankoci. 
4. Conclusions 
From recent research results in selected reference reaches of streams in Slovakia it follows that the relationship 
between fish populations and habitat characteristics well illustrates the changes induced by the topography of the 
riverbed (namely the impact of discharge, water depth and flow velocity) on the quality of an aquatic habitat. The 
obtained results allow for evaluation of the quality of the regulated stream by individual cells, i.e., generating a plan 
view of the habitat quality. This is the basis for designing the restoration projects. The results directly define the 
optimal characteristics of microhabitats. RHABSIM model can create forecasts of the river quality after restoration. 
Such an approach optimizes the design of river restoration and minimizes the use of an inappropriate interference with 
the stream. 
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Fig. 8. Evaluation of the AWS for brown trout in Bebrava River in Timoradza after restoration. 
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